• This study demonstrates that glycemic control with exenatide monotherapy is similar among normal-weight, overweight, and obese Chinese patients with newly diagnosed type 2 diabetes (T2D). Body weight decreased by 3.7%, 5.5%, and 5.7% in normal-weight, overweight, and obese patients, respectively. • Hence, normal-weight patients with T2D would benefit from exenatide as much as overweight or obese patients on glucose control, without an increased risk of excess weight loss.
T2D would benefit from exenatide as much as overweight or obese patients on glucose control, without increased risk of excess weight loss. Overweight and obesity are common concomitant diseases of type 2 diabetes (T2D). A survey conducted in the US from 1999 to 2002 showed that the prevalence of overweight and obesity was 85.2%, and that the prevalence of obesity was 54.8% among adults with diagnosed diabetes. 1 In China, 43.0% of patients with T2D are overweight, and 16.7% are obese. 2 Conversely, modest sustained weight loss of more than 5% in T2D patients can lead to clinically meaningful metabolic benefits. 3 Weight loss should be considered in all overweight or obese patients with T2D, given the known therapeutic effects of weight loss on improvements in glucose levels, blood pressure, lipid profiles, and other metabolic indices. 4, 5 Accordingly, a patient-centered approach recommended in recent management guidelines should be used to guide the choice of antihyperglycemic agents in patients with diabetes, addressing not only glucose-lowering efficacy, but also fewer side effects, including less weight gain (even weight loss) and less hypoglycemia. 6, 7 Glucagon-like peptide-1 (GLP-1) receptor agonists (GLP-1RAs) have multiple glucoregulatory effects, including enhancement of glucose-dependent insulin secretion, reduction of glucagon secretion, reduction of food intake, and slowing of gastric emptying. [8] [9] [10] In addition to the glucose-lowing effect, weight reduction and a low incidence of hypoglycemia associated with GLP-1RAs treatment have been proven in clinical trials and real-world practice. [9] [10] [11] [12] [13] [14] Many guidelines, including the American Diabetes Association (ADA) and European Association for the Study of Diabetes (EASD) consensus algorithm, 15 ADA guidelines, 16 and the most recent Chinese guideline, 17 recommend GLP-1RAs for T2D as an option after metformin monotherapy, especially in patients with established atherosclerotic cardiovascular disease or concerning body weight gain. Prescriptions of GLP-1RAs have increased and these drugs have become more popular, especially in overweight and obese patients with T2D. Yet, the efficacy and safety of GLP-1RAs in normal-weight patients with T2D have not been evaluated. As a result, some physicians are reluctant to use GLP-1RAs in this population.
Unlike patients in Western countries, a large proportion of patients with T2D in China are of normal weight (defined as a body mass index [BMI] <24 kg/m 2 ]. 18 Hence, it is of clinical importance to understand whether normal-weight patients with T2D would benefit from GLP-1RAs in addition to patients who are overweight (24 kg/m 2 ≤ BMI < 28 kg/m 2 ) or obese (BMI ≥ 28 kg/m 2 ). 18 Moreover, the effect of GLP-1RAs on weight reduction in patients with different BMIs is also worth investigating.
This study is an ancillary study of the CONFIDENCE study (registered with ClinicalTrials.gov; ID: NCT01147627). The present study was designed to explore the effects of exenatide, the first GLP-1RA in the market, specifically glucoselowing efficacy, weight change, and other metabolic indices, in Chinese patients with newly diagnosed T2D with different baseline BMI.
| METHODS
Detailed methods and results of the CONFIDENCE study have been published previously. 19 The CONFIDENCE study was a 48-week multicenter clinical trial conducted from August 2010 to August 2012 at 25 university-affiliated hospitals in 13 provinces of China. The protocol was approved by the institutional review board at each site in accordance with the Declaration of Helsinki. All patients provided written informed consent before screening.
Newly diagnosed and treatment-naïve patients with T2D aged 30 to 70 years, with glycosylated hemoglobin A1c (HbA1c) 7.0% to 10.0%; BMI 18 to 35 kg/m 2 , and stable body weight for ≥3 months, were recruited to the study. Patients with acute or severe chronic diabetic complications or illnesses (ketoacidosis, hyperosmotic state, lactic acidosis, severe micro-and macrovascular complications, and hepatic dysfunction), positive glutamic acid decarboxylase antibodies, a history of pancreatitis, triglyceride levels ≥5 mM, and using drugs affecting gastrointestinal motility, weight, and glucose were excluded from the study.
At baseline, demographic and anthropometric data were recorded. Fasting plasma glucose (FPG), HbA1c, lipid profiles, fasting insulin (FINS), fasting proinsulin, amylase, and lipase were measured. After a mixed-meal test (MMT; 162 kcal), venous blood samples were collected 0.5 and 2 hours after ingestion to determine glucose and insulin levels. On the next day, an intravenous glucose tolerance test (IVGTT) using 25 g glucose was performed after an overnight fast, with venous blood samples taken at 0, 1, 2, 4, 6, and 10 minutes to measure insulin levels. After baseline measurements, patients were instructed to inject 5 μg, s.c., exenatide (Amylin Pharmaceuticals, San Diego, California) twice daily, and increase the dose to 10 μg twice daily after 4 weeks. Patients who frequently experienced hypoglycemia or could not tolerate adverse events (AEs) were instructed to reduce the dose to 5 μg exenatide twice daily.
Patients were followed up every 4 weeks for 12 weeks and then at 12-weekly intervals until Week 48. At each follow-up visit, HbA1c, FPG, and 2-hour postprandial glucose (PPG) after the MMT were measured. In addition, 0.5-hour PPG was measured at the last visit (Week 48). All baseline assessments were repeated at Week 48. To avoid any acute drug effects on the collected data, patients were asked to stop exenatide 2 days before the last visit. All patients received diabetes education at enrolment, with reinforcement throughout the study. Telephone calls were scheduled at Week 16, 20, 28, 32, 40 , and 44 to collect patients' information and provide guidance. Safety and tolerability were assessed at each visit. Minor hypoglycemia was defined as symptoms confirmed by a blood glucose concentration < 3.9 mM, with prompt recovery after selfadministered carbohydrate. Major hypoglycemia was defined as an event requiring the assistance of another person to administer carbohydrate, glucagon, or other resuscitative treatments.
| Laboratory assessments
Levels of HbA1c were assessed centrally at the Third Affiliated Hospital of Sun Yat-sen University. Insulin and proinsulin levels were measured centrally at the Beijing North Institute of Biological Technology. The remaining biochemical variables were assessed locally at the participating centers. β-cell function was evaluated with different indices, namely the homeostatic model assessment of β-cell function (HOMA-β; calculated as HOMA-β = 20 × FINS/[FPG -3.5]) and the homeostasis model assessment of insulin resistance (HOMA-IR; calculated as HOMA-IR = FINS × FPG/22.5), used to estimate basal β-cell function and insulin resistance, respectively. The acute insulin response (AIR) during the IVGTT was calculated as the incremental area under the curve using trapezoidal estimation. The fasting proinsulin: insulin ratio [PI/I] was also calculated.
| Study endpoints
The primary efficacy endpoint was the change from baseline in HbA1c at Week 48 compared among different BMI groups. Secondary endpoints included the proportion of patients achieving HbA1c <7.0% and ≤6.5% at Week 48, changes from baseline in FPG, 2-hour PPG, lipid profiles, body weight, blood pressure, and β-cell function. Safety and tolerability were also assessed.
| Statistical analyses
Continuous variables with a normal distribution are presented as the mean AE SD. Non-normally distributed variables (HOMA-β, HOMA-IR, and PI/I) were logarithmically transformed before analysis. Patients were divided into three groups based on baseline BMI: (a) normal-weight group (18.5 kg/m 2 ≤ BMI < 24 kg/m 2 ), (b) overweight group (24 kg/m 2 ≤ BMI < 28 kg/m 2 ), and (c) obese group (BMI ≥ 28 kg/m 2 ). 18 To compare the treatment effect on HbA1c among BMI groups, analysis of covariance (ANCOVA) was used, with the change in HbA1c from baseline to Week 48 as the dependent variable, BMI groups as the fixed main effect, and baseline HbA1c as the covariate. The significance of differences in other continuous variables between groups was tested by univariate analysis of variance (ANOVA). Chisquared tests were used to compare the proportion of patients achieving HbA1c <7.0% and ≤6.5% at Week 48 and the exenatide dose reduction rate among groups. Pairwise comparisons for continuous variables in different BMI groups were made using t tests. Data regarding AEs were summarized according to baseline BMI. Data were analyzed with SPSS 20.0 (IBM Corp., New York, NY, USA). Significance was defined as two-tailed P < 0.05.
| RESULTS
In all, 142 patients aged 31 to 69 years were enrolled in the study. Patients were divided into the normal-weight group (n = 34), the overweight group (n = 72), and the obese group (n = 36). All patients who took at least one dose of study medication (intention-to-treat [ITT] population; n = 142) were included in the safety analysis. Efficacy analysis was conducted in the 110 patients who completed the 48-week study (per-protocol [PP] population), as well as in the ITT population for supporting analysis.
Patients' baseline characteristics are summarized in Table 1 . Patients' body weight at baseline ranged from 49 to 106 kg, with BMI ranging from 19.0 to 34.9 kg/m 2 . A statistically significant difference was found among groups in terms of HbA1c at baseline, which was adjusted for when the efficacy endpoint was analyzed. As expected, baseline body weight, BMI, and waist circumference were significantly different among the three groups.
Twenty-nine patients in the normal-weight group, 54 patients in the overweight group and 27 patients in the obese group completed the study (Figure 1 ).
The efficacy results presented here are from analysis of the PP population; similar findings were obtained from analysis of the ITT population (data not shown).
| Glycemic control
There was a significant decrease in HbA1c in all patients, regardless of baseline BMI. After 48 weeks exenatide treatment, the mean HbA1c reduction in this population was 1.8 AE 0.1%. The mean changes in HbA1c in the normalweight, overweight, and obese groups were −2.3%, −1.7%, and −1.4%, respectively. After adjusting for baseline HbA1c values, the estimated mean HbA1c changes in the normalweight, overweight, and obese groups were −1.9%, −1.8%, and −1.5%, respectively (P = 0.290). Mean FPG and 2-hour PPG levels decreased similarly over time among all BMI groups over the course of 48-week treatment with exenatide ( Figure 2 ). No significant differences in FPG and 2-hour PPG levels were found among the groups at any visit. Changes in FPG and 0.5-and 2-hour PPG levels from baseline were similar in all BMI groups after 48-week treatment with exenatide ( Table 2) . Trial profile. ITT, intention-to-treat population who took at least one dose of study medication; PP, per-protocol population who completed the 48-week study Regarding the rate of achieving HbA1c targets, 84.3% of the entire study population reached an HbA1c target of <7.0%, and 76.9% achieved the goal of HbA1c ≤6.5%. When patients were grouped according to baseline BMI, HbA1c targets of <7.0% and ≤6.5% were reached, respectively, by 89.7% and 75.9% of patients in the normal-weight group, 83.3% and 79.6% in the overweight group, and 81.5% and 70.4% in the obese group, with no significant differences among groups.
Exenatide was reduced from 10 μg twice daily to 5 μg twice daily in 29 patients (n = 10, 15, and 4 patients in the normal-weight, overweight, and obese groups, respectively) who experienced frequent hypoglycemic episodes (in six patients because of frequent episodes of confirmed hypoglycemia, and in nine patients because of frequent hypoglycemia symptoms without blood glucose confirmation) or could not tolerate AEs as predefined. The dose reduction rates were higher, albeit not significantly, in the normal-weight (10/34; 29.4%) and overweight (15/72; 20.8%) groups than in the obese group (4/36; 11.1%; P = 0.164). Of these 29 patients, five withdrew and did not finish the study. The remaining 24 patients completed the study on exenatide 5 μg twice daily, with the smallest number in the obese group (n = 10, 11, and 3 in the normal-weight, overweight and obese groups, respectively). Three of these 24 patients completed the study on a dose of 5 μg exenatide twice daily from the beginning of the study. The mean HbA1c change in the 24 patients who completed the study on 5 μg exenatide twice daily was −1.9 AE 0.3%, and the mean body weight change was −2.5 AE 0.8 kg at the end of the study. On the reduced dose, 20 (83%) and 17 (71%) patients achieved the HbA1c target of <7.0% and ≤6.5%, respectively. However, the study was underpowered to determine the characteristics of patients who would benefit from the lower dose with any statistical significance.
| Anthropometric data and other metabolic indices
Patients' body weight decreased gradually over the treatment period (Figure 3) , with the smallest percentage of body weight reduction (3.7%) in the normal-weight group and the greatest (5.7%) in the obese group at Week 48. The initial percentage body weight reduction at Week 4 was 1.5%, 1.7%, and 1.7% in the normal-weight, overweight and obese groups, respectively (Figure 3 ). The weight reductions exhibited a non-significant increasing trend from normalweight to overweight to obese patients (decreases of 2.2, 3.9, and 4.0 kg, respectively; P = 0.104; Table 2 ; Figure 3 ). Body mass index decreased over treatment time and mirrored the weight loss trends in each BMI group (Table 2) .
At Week 48, waist circumferences had decreased from baseline by 2.2 AE 6.6, 3.2 AE 5.4, and 5.6 AE 5.3 cm in the normal-weight, overweight, and obese groups, respectively ( Table 2 ). No significant difference was found among the groups regarding changes in waist circumference. In addition, there was no significant difference among the group in the change in the waist: hip ratio from baseline to Week 48 ( Table 2) .
Changes from baseline in lipid profiles are given in Table 2 . Compared with baseline levels, total cholesterol and low-density lipoprotein cholesterol (LDL-C) decreased in the obese group (P < 0.05), and high-density lipoprotein cholesterol (HDL-C) increased in the overweight group (P < 0.05). However, there were no significant differences in changes from baseline in the lipid profiles among groups.
There was no significant change in systolic blood pressure in any group compared with baseline measurements. Only in the overweight group did diastolic blood pressure decrease significantly (P < 0.05). Neither the change in systolic blood pressure nor the change in diastolic blood pressure from baseline differed among groups ( Table 2 ).
| β-Cell function and insulin resistance

Significant improvements in PI/I and AIR from baseline to
Week 48 were seen in all patients completing the 48-week exenatide treatment (n = 110; lg(PI/I) deceased by 0.4 AE 0.1, and AIR increased by 42.4 AE 10.1 μU/mL×min; P < 0.001). However, HOMA-β did not change significantly from baseline to the end of the study in this population. When patients were grouped according to baseline BMI, there was a non-significant increase in HOMA-β in the normal-weight group at Week 48 compared with baseline. In both the normal-weight and overweight groups, PI/I decreased and AIR increased. The improvements in PI/I and AIR from baseline were similar among groups.
In terms of insulin resistance, HOMA-IR decreased significantly in all groups (all P < 0.001 vs baseline), with the greatest improvement of HOMA-IR observed in the obese group. However, there were no significant differences among groups in the change in HOMA-IR from baseline. Changes in clinical characteristics from baseline to week 48 in the normal-weight, overweight, and obese groups (per-protocol population) 
| Safety
Four serious AEs (SAEs) were reported, namely one case of pancreatitis in the obese group, one case of cerebral infarction and one case of cholangiocellular carcinoma in the overweight group, and one case of left thigh muscle fasciitis in the normal-weight group. The patient with thigh muscle fasciitis completed the 48-week intervention, whereas the other three patients withdrew from the study due to the SAEs. The most commonly observed AEs were gastrointestinal reactions, especially nausea (26.1% overall; Table 3 ). Until Week 4, more patients (n = 6) in the normal-weight group experienced nausea than in the other two groups (n = 5 and 3 in the overweight and obese groups, respectively). However, as time progressed, reports of nausea in all groups decreased and were similar among groups (for total events in the three group, see Table 3 ; P > 0.05 between any two groups). The incidence of AEs among groups did not differ at the end of the study. Treatment-related AEs leading to study withdrawal occurred in eight patients due to nausea and vomiting (n = 2, 4, and 2 in the normal-weight, overweight, and obese groups, respectively).
No major hypoglycemic episode was reported during the study. Minor hypoglycemia occurred in 13 of 142 patients (9.2%; n = 4 [11.8%] in the normal-weight group, n = 6 [8.3%] in the overweight group, and n = 3 [8.3%] in the obese group). The dose of exenatide was reduced in six of these patients (two in the normal-weight group and four in the overweight group). No further hypoglycemia was reported after exenatide dose reduction in these six patients.
| DISCUSSION
Glucagon-like peptide-1 receptor agonists have valid glucose-lowering efficacy as well as a notable weight-loss effect. Therefore, they are considered to be beneficial for patients with T2D, especially those who are overweight or Changes in weight in the normal-weight, overweight, and obese groups. A, Changes in weight over time. B, weight reduction from baseline to the end of the study. Data are the mean AE SD obese. However, a recent meta-analysis showed that the glucose-lowering efficacy of GLP-1RAs was greater in patients with a mean BMI <30 kg/m 2 than in those with a mean BMI ≥30 kg/m 2 , which may explain, to some degree, the more obvious effect on glucose control of GLP-1RAs in Asians than in non-Asians. 20 However, it remains unclear whether the effects of GLP-1RAs on metabolic abnormities vary in Asian patients with different BMIs. The present ancillary study was conducted to investigate this.
This study demonstrated that glycemic control with exenatide monotherapy was similar among normal-weight, overweight and obese Chinese patients with newly diagnosed T2D. Normal-weight patients would benefit from exenatide as much as overweight or obese patients on glucose control with less weight reduction. Our findings are in good agreement with a pooled analysis including 16 randomized controlled trials demonstrating similar efficacy of exenatide treatment between obese and non-obese patients with T2D, 21 except that the patients in that pooled analysis were divided into more BMI groups (≥20 to <25, ≥25 to <30, ≥30 to <35, and ≥35 kg/m 2 ). 21 A recent meta-analysis focusing on Asian patients with T2D also found that patients with and without overweight/obesity can benefit from GLP-1RAs. 22 Another study conducted in obese Korean patients with T2D who were treated with 22-week exenatide twice daily in combination with both metformin and sulfonylurea also found that baseline body weight and weight reduction during the intervention could not predict the HbA1c reduction in this population, although the median disease duration for patients in that study was 8 years and the median BMI was 30.78 kg/m 2 . 23 In previous studies, the HbA1c reduction was reported to be less than 1% after 6-12 months exenatide treatment added to metformin and/or sulfonylurea. 9, [24] [25] [26] Regarding treatment-naïve patients, a multicenter study found that HbA1c was reduced by 0.9% by 24-week exenatide monotherapy in patients with T2D inadequately controlled with diet and exercise alone. 27 In another study conducted in antidiabetic drug-naïve obese Chinese patients with T2D, the HbA1c reduction was −2.10 AE 1.79% after 26 weeks' exenatide treatment. 28 In the present study, the mean HbA1c changes from baseline to 48 weeks in newly diagnosed and treatment-naïve patients was −1.8%. After adjusting for baseline HbA1c, the estimated changes in HbA1c ranged from −1.5% to −1.9% in different BMI groups. A recent post hoc pooled analysis evaluated patients receiving exenatide 10 μg twice daily for 12-30 weeks and demonstrated that Asian patients exhibited significantly greater reductions in HbA1c and PPG than White patients. 29 In all probability, Chinese patients with newly diagnosed T2D may achieve greater HbA1c reduction on exenatide monotherapy than patients in the West, regardless of their baseline BMI. As demonstrated previously, Asian patients with T2D have higher PPG levels than Caucasians. 30 And short-acting GLP-1RAs like exenatide has a marked effect on lowering PPG that is mediated through delaying gastric empty, 31 which may account for the different effects of exenatide on glucose control between Asian and Caucasian patients. 30 As expected, weight decreased gradually over the study period in all patients on exenatide treatment. It is of note that the smallest decrease in body weight from baseline was observed in the normal-weight group, whereas the greatest decrease in body weight was observed in the obese group. Similarly, previous studies demonstrated that patients with higher baseline BMI levels lost more weight after exenatide treatment. 21, 32 The same trend was seen with exenatide once weekly. 33 In the present study, no patient had a BMI lower than 18.5 kg/m 2 after 48-week exenatide treatment. At the end of the study, the patient with the lowest BMI (19.3 kg/m 2 ) was in the normal weight group, and this patient's baseline BMI was 21.6 kg/m 2 . These data provide strong evidence to alleviate physicians' concerns regarding the potential for excessive weight loss in normal-weight patients with T2D treated with exenatide.
In this study, 48-week exenatide treatment improved β-cell function in the patients, as evidenced by the amelioration of PI/I (representing β-cell function during the fasting state) and AIR (representing β-cell function during the stimulated state after intravenous glucose injection), and this was more obvious in normal-weight and overweight patients. Non-significant improvements in PI/I and AIR in obese patients were also observed. The improvement in indices of β-cell function in this population may be due to the elimination of glycemic toxicity and the positive effect of exenatide on β-cell function, which has been observed in both animal experiments and clinical trials. [34] [35] [36] [37] [38] [39] However, whether exenatide can restore β-cell function over a long-term follow-up in patients with T2D still needs to be confirmed in further studies.
Thirteen patients experienced hypoglycemia confirmed by a blood glucose concentration <3.9 mM. The dose of exenatide was reduced to 5 μg twice daily in six of these patients because of frequent episodes of confirmed hypoglycemia. Notably, no further hypoglycemic episodes were reported after exenatide dose reduction in these patients. In the 24 patients who completed the study on 5 μg exenatide twice daily, 83% and 71% of patients achieved the HbA1c target of <7.0% and ≤6.5%, respectively. The high proportion of patients achieving the HbA1c target on the lower dose of exenatide may indicate that not all the Chinese patients treated with exenatide required a dose of exenatide 10 μg twice daily. A study investigating the population pharmacokinetics of exenatide showed that compared with the peak concentration (C max ) for the typical 75-kg subject (C max 287 pg/mL), an 18% (C max 237 pg/mL) and 34% (C max 189 pg/mL) decrease in C max is expected with body weights of 100 and 125 kg, respectively. 40 Hence, the relatively low body weight of the Chinese population compared with Caucasians may explain, in part, the more obvious effect of low-dose exenatide in this population. In addition, the non-significantly higher dose reduction rates in the normal-weight (29.4%) and overweight (20.8%) groups than in the obese group (11.1%) may also be due to the possible higher C max in patients with a relatively lower body weight.
The study design of treating newly diagnosed T2D patients with exenatide monotherapy avoids confounding drug effects and the effects of disease duration on metabolic indices and β-cell function. In addition, the patients in this study are an Asian population with a relatively lean body mass and reduced β-cell function, 41 so the results of our study provide specific and informative evidence compared with other studies conducted in the West. Yet, as an ancillary study, a limitation of the present study is its small sample size. With the small numbers of hypoglycemia events in different groups, comparison of the incidence of hypoglycemia among groups was not possible. Moreover, it is of clinical importance to identify patients who may achieve optimal clinical outcomes on 5 μg exenatide twice daily without increasing the dose to 10 μg twice daily, but we cannot draw any conclusions from the present study. We cannot exclude the effects of lifestyle modifications on weight reduction and glycemic control. However, the present study focused on differences between the different BMI groups, not only on changes after treatment in the same group. Therefore, we believe that this study provides evidence to doctors who are worried about prescribing GLP-1RAs in normal-weight patients.
In conclusion, baseline BMI had no effect on glycemic control, weight change, or other metabolic indices with exenatide monotherapy. Normal-weight patients with T2D would benefit from exenatide as much as overweight or obese patients on glucose control, without increased risk of excess weight loss.
